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SYSTEM SUI’PORT SOFTWARE FOR TSTA

Ca[ne!t U. Clshorn, l.~wrv U. f%rrn, and t_lnlr U. lllelson
Los Alamo* Natlonnl Lslroratoly

Los Alamos. NM 8?545

Abstract: The software al the Trltirrm Syst?ms
Test Assembly (TSTA) 19 logically broken Into two
part~, the system suppor[ so ftwnre and the subsystem
software. The purpose of Ihe system support so f[ware
1s to isolat~ the subsys[~m soflvare from the physical
hardwmre. In this ~mse the system support software
forms the kernel of the software ar TSTA. The kernel
software performs several functions. II gnthers data
from CAMAC modules ●nd makes that dots available for

subsystem proce~~*s. It services requests (o send
commands 10 CAMAC ❑odules. Ir provides a sys!em of
log~lng functions and provlrl~s for a system-wide
global program state rhat allcrvs highly structured
Int@ractlon betwe~q ~ubsyscem processes. The kernel’s
most vlslble func!lon Is to provide rhe Han-Machine
Inte[ face (HMI). Th@ HHI ●llows the operators ●

vjndov Intn the physical hardware and nubgystem
prncess slate. Finally the kernel provlcles a data
●rchiving nnd comp, ●sslon funct Ion that ●llows
archival data IO he accessed ●nd plotted. Such kernel
sof!war~ as dev~loped ●nd Implemented at TSTA Is
de!rcrihed.

The Tll[lum Sys!Fms Test Assembly (TSTA) Is

d~dlrn!ed to the .ievelopment , d~mon~trnttcrn, and
Intel facll\g of technologies related 10 tile
deuterIum trltlum fuel cyclQ for lalge.scale frrslon
renrlor systems. Th@ control snf!ware must silppnrr
the maJor ohJectlves of TSTA, tihlch nre to provide ●

denonqtratlon of the fuel CYCIC for f,tslon power
renc lot s, to develop ●nd tesl ●r,vl ronmental and
personnel prot-ctlve sy~te.ms, nncf to tfemrrnetrtrte the
Iorg-term rcllab!llty of compn,]~llts Illvolvert in the
safe h~rrdllng oi trltium, Al TSIA the pi Imnry conce:n
is to prevent the ●xpnsllrr of perst,nnel nnd of the
●n;ilnnment to rrnrflrrac!!ve suhstfiltres. The control
~oftwnre for TSTA is Implem?nred In s{ich a bay as 10
prnvlde mnfe Iy tn!el locks for pef?nnn~l rrnct fol the
●nvllotlmenl . The control sy!tem for lSTA ❑llqt ?x?rut~
con”lol MlgOr I Ihmq to ll19urQ the snf - hnudllnu crf

slgnlflcnnl nmnunlq (](to grnm.) Of t:]!lllm III III

Qxpellm?rrtnl ●nvlronmpn!n Harry of the rnmpnrwnts III
uqe RI? nove] and chnnRv ms dlff~l~nt ●xppt Imr!ltq nle
p~lfrrlmed; IhII~ th~ cnntlrsl nlgnrl!limq mr sul,j?ct ICI
rnodl[lcntlnn as mole In folmatlon 13 Ralneo from

actually running III! faclllty.

The fnct thn! TSTA 1~ all P?perlm@ntnl f~clllty
❑kes It Impo\s!bl@ allrl llnd~~ilnblc to !Iy 10 forccn-1
th~ @xrrct srrf!wn!- rcqrrlr~m-nts, TINIS tlm software
had 10 b~ vrltteli In ● ❑nnn?r tllnt ko!~ld ●now
mndlflcatlons VI (11!1111 tomprnmlslq f h? ntf*l)

roqulrem?ntq Impoqerl hy the handling of tlltlum, 711 I s

auggwr!ed a mrrl{l Iev@l ●pprorrch to the softwnt?, !n
this nppronch (much Ilk@ rh~ 1S0 ncrvnrk mod~l) ?ach
IQVQI la lsola!~d flom Ihc 10VQ1 b?lov rrIId abnv - by
cl Prrllly d-f lrml Interfaces, For cxlmplv, the

rrub~yn!-m ~uppnl t I-v@l in!~tfnrol vlth th? auhsy~tc~
harcfin!~ thlrl\lEh tho snftwaip mllpp,lr : IQvel ! Rn!. t Irren
In III? ~oftvnl? muppnrt Icvel p.crvlde np?tmtlnnl IILc
‘t7rEN VAl,VEn and “C1.O~F V/ LVE’ In tht li~ll~v-t~m I*v@l.
T’hl~ lsolmPq the st!hmystom Iovcl ftnm thm a,ttlnl
Ilnlrfwn I@. Thl? 11 advnlltaa~nii- bernt!s~ ChmIIRP~ call

OCCIII !11 RIIV l@V@l w:thout tll- IIPWI tol pl f)p#R#rt Inn

the rlImIRe to ally othol love],
Th - “1’5TA rn!ll]n] avrtmm rnr!%l~l~ of !Ilm hnlrlvRl*

lrvel, 1119 rinln rnllvel ●lflll 19v@l, tllo IIIIm ntt,b

Il)tmi In, e Imvel, rIIId III- l~,l). y.tom pI,IIrWI1 lmvol,

Ths~* I-v-III nte now Cfmqrllhmct,

The ttardware Levg_l

The Hnrclvare level is dlviderl Inro thiee

sublevels: the slgIIal conditioning, !11? Front EIId
Controllers (FEcs), nrld [he ploce~~ COMII(II?IS. (<p?

diagram ●t ●nd of paper.) A slgIInl wl!e Is hrn~iRllt

into the control room rhrough ● pntch panel and Intn a

ai~nal condltIonlng unit. Th@ patch panel plovldes n

■eans of changing which signal conditioning unit mnd
which CAtfAC module a signal Is routed to. If sllth a

change vere required by a faulty wile 01 CAMAC modtilr,
the change could be ❑ade vithoct a[fec!lng the hlglir[
levels. The signal conditioning ,Inirs trrke slgnnls nf
varying rnnges of voltages and mnps the slRIIal; Into n

-5.12 volt to 5.12 volr range. The modlfild signnl I.s
then taken to the apploprlate CAHAC modu’e.

CAMAC ❑odules are groupd rogerh~r ilnrf-r I I!e

contro] of ● fronr ●nd controller (Dlgltnl LSI 11/?3).
Typically ●n FEC handles 3-4 CAHAC cratrs ●nch capnhle
of holdlng 24 CAHAC mndu]es. Indivlrlunl rrnt-s can hp
poweled off for module rePlncem?nt vlth,,lit nff@r!lnR
the FEC opernt ion. The FEC RRIIIFIS rtnfa ftr-rm tlic=

CAHAC ❑odules and formals the dnta fol tlansmlqrlon to
the process COOII.JIIIQI. An Ethelnet Ilnb 1< uqed ns !he

transmlsston media for FEC/pIcIrP~? complltpr

communication. The high banrlwictth allli wldc

●vallahllity of the Ethernet make It n!tlnctlve .a~

this cornmunlcatlon chrrnnel. The Ethrl net RITn

provides “hot” connect ●nd dlsconn~ct mabiliE It ●n~y

to switch ro the standby ner if problems nle rfetrctrd.
Furthermore, the Ethernet provlcfe% tornl flerrlhlll!y
of Irrtercnnnectlon ●nd facilitates red~tnflnnt

tmplementatlon.

‘rhe dafa ia received by the two pIoc@s~ cornputels
(Dntn General MV/4tX10’_). One 1- crr!lslcfored t,, he

running the process while the other Is In stnlvll}y
mod●, ready for “warm” swl(chovel . Th? stnldl,y
comput~r la ●lso used for sof{wnr- develnpm~nt. A
third class of cnmplltcr nl?cr r?slcf?~ on th? Etheli!~!,
● dedicated shutdown computel, In m!- both prnr?s~
computars frill, the sh,,tdown cornputcl prnvlcl~s tlIe
●bility to control lrrdlvlt~ual hnrdwar~ compon?nt~ nnd
to nafely nhutdnwn aubsyn!ems by the use of predefin?d
● acroa.

Th? _ntlr@ hnlrl~nr- syst~m Is ptof~r!~d hy nn
unlrrtertup~ible powel supply (JPS), with hnlh hn!l~ly
●nd diesel power-d Krrrelator pow-l hnckup. TIIQ
control room la cooled hv two air.comflllotl~r~ rrmi n
thild, atanrlhy mlr-condltlon?t Is hntl~pd i n th?

conrlcIl loom. Al I this redundnnry Is plnvlcfed tu
Innure the #afa hanrillrrg of th~ trltlum In tli? system.

~he Da[o .VOrnrnU,~i_CSIloII:_ L~v?l

Dn!n 1s belnR cnntinuoully folleftwl fi,lm I Ill.
CAMAC modulm~ hy the FE(:’ o, Thl~ dn!n in p~llf)(lirnllY
pl~c~d on rh? Cth?tnct. Orrco on Ihe Ethmrrwt 11 Iq
avhllnhls tn ●ll plnccs~@~ fhn! hnvc n nmmrl fot It ,
On the ptcsr*~R rnmptltet IIto I)nln Comml)rlcntlnl!l tevml
I*COIVSQ the Ethctttet pnrb~!~ nnrt plnre~ III* tfn!rr lIItII
!ho appropl Inl? Islnrm III a tent-l IIIIIV slImoIl rfnlnl)n~,,.

Ihlm IQV?I plt)Vlrfe- n rlenll ll)l~lfrr,~ III llIe Ilntn
(:oovmlqlIIl Iovml fr)l nfrmnzlns II,* tnw dntn. III- ,Intn

I* slo I@d 1!1 the 17 hlI (’AHAl’ f,, tm. -flll- ,-,!,,, “? 111-

al)- f! f I he flntnl)n:m nlld mnlln% ntflllvlllu nl)cl
r-crmptaqql!)tt ●n=lel



Archlvlng of data IS an important !axk of [he
Data Cnmmulllcatlons level. Snapshots of IIte database
are tnken once a ❑lnllte nnd stored on ditk. This

archivilig Is clone on hnth the rm>IIrrlli IIg aIIrf sranrfhy
PI ocess computers creating a disk [11? of about 12
■egabyles of lrrfotmatlon per day. This data Is

availnble for access by subsy<tem desiflners, op-rntnrs
and TSTA manmg~ment nnd Is used for system analysis.
At shorr]y after ■ldnluht the pr-vln[l< I-Iav’s data IS
compl 9ssecl. The cOmplesslon algorithm note- a
variable’s stnrtirrg val(le mrrrf then SIOI*S [he chanR-s
from (I,at val[le in as f?w bits as prisslble. Currently

● 15 to 1 compression ratio Is obtmined. At T5TA 3
●onths of archives are kept on thp dish vlth older

data available on rnpe. (Purchas@ rrf n disk to allow
2 years of data online is planned. )

The other task of the Data Communlcntlon Level is
to provide communication betwe~n vt,rirttlq sof!ware
processes. Tbls communication 1s provided !ll[otlRh
logical “real lborres”, A process Is sh d to “own” a
■ailbox if that process is authol Ized 10 write 10 the
nalltsox. (only one process is allowed 10 wllte in ❑ny

❑al] box.) The ❑ail box darn, like th? FEC data, Is
stored in ● read only dmtnhase. Tbe Dntn
Commulllca!lnns Level also places thic data on the
E~helrret periodically. The standlry process computer
reads In this mailbox data so that Its dntabase Is
kept current. Tbls greatly facllllates wmrm (operator

Inltiatcd) swItchover betveen t h~ I Wo procesq

computers. Ptocess?s at t)leupper l~vels are unawale
Of the swltchovel because of the pleserrce of Ioglcal
vnriables with currenr values. A ~yst?m dexlgn~rl in
this manner would be ●asily arfaptabl~ to a multi or
distributed prnces<or environment. TbIs dalabase 1s
also archiv?d the same as the FEC dntn.

The la?t task of the Dmta Commllliic~tIoils Iev?l Is
to piovlde nn Inteifsce b~tw?en IIppFI IQVPIS and the
;Ec’s. Commandq for FEC ~~ecullorr are collected b~le
❑nd routed to the npptoprlnte FEC vltb the n~ces<ary

● rrol de(ectlon and rorrec(! on. This frees the uppPI
~cvel~ from the de!alls of how commands ale ●xecut-d
●nd hrrv ● rrors are hmndl?ti.

The Dnta ~mvetslon Level

Th? Datn Conv@rslrrn level pIovlrlcs the enn,~ptslon
betw-~11 thr 1? bil rlatn stol=d ~n the cfntabasc to
englnePrlnR ttnlts uqrrt by the uppet levels, T)je
cnnverslorls RO both ways, As comm?!lds f( I ?~er,,rlrrn
ale f~rplvcd, the q~t VSIIIC is In prrgln~erltlg urrl!? or
Is a dlgltal VFIIUQ llbc oPEN nr CLOSED, Ties? valll@~
ar? convrrt~rl to 17 hlt Intrgerq tlnrfe[st t-J by tlje

Pnta Cnmmllnlrallonq lpv~l, Wh~n dntn IS lend hy tlia

Ilppol l?vrl~, III? Datn (nnvelqlnn l~vrl conver IS tlIQ

12 bit dnta Into nnalog ●nglne?IlnR tlnlts or to tlle
mpprnprlnt~ dlRltal valll*. Th~ rnnvet~lrrnq arm done
on an “ns nwd~d” baqls to reduce compu IQ I owelh?ad,

The Operator In~@rfac_e I:e,<el

This level provlrfes the human user wltlj an arrers
to the data~ase. Thl~ level IS sIIIIrllvlrfort Into IL,rI
levels, lhe rllnlog level ❑nd the cta!aha~e arrpr~
level. The dialog level provides tllc slthsystem lI=VPI
●nd the lower levels with a mechanlrrn tn grI
information to mnd from the human operatol. The=
dialog level coll~cts messsagr=s CFI1lPII alarms frnm [he

uPP@r and lovrr leve]s, The dialog lr=vel mnlntaln= a
separnre r-ad-only datahmqe of rr!llqlnl)d{rlR rrqtlr~t~
for informntlon. The databnsr access I?v@l thlouRh
the Han Machlrre Interface (MM]) accesses this lequ_~t
database for questions tG pose to the human operator.

Th~ HH1 runs on 5 Ayrfin rnlor, chalac[er graphlr

rermlnalsr Thro[lgh the HHI th- nperator 1s al,le [o
dlspl~y predeflned plplng diagrams, system stntt,s
displays, and ●larm lists. The Ht41 provld?~ IIIC
lnterfmcc between the upper ]~vels and tllr hl,mn,l

opelalor. Upper levels can ask the rrpcratol pertlnell~
questions and r*ceIve replles aclo?s thr Ievrl

boundary III a clean fashion. Tlle )tHl scr-~u IS

divided Into 4 parts. The top 3 llnes ale r~se!verf
for mlmrms. The~e ptiorltlzad ■lnrms are messnflr~

from all levels reporting ●rrors, col~d~tlons that need
immediate attention, and general lnforma~. inn. Tlle
bottom 2 Iin?s of the screen provide tll~ operatol
command line and response line.

Flom the command line the tipelntor cnn <rrIIt Iol
Indlvldual Subsystem compon~rrtq with commnn!l< IIke
“OPEN TUT CD LPR1” which means ‘open th~ vnl~Iv TO IhP

firs! lo; ~re~slire rec-lver III ,!,e Trl?l~lm Wa~IP
Treatment sub~ystern”. Some parameter? a ● ri*slp, IInlrfl

●s ■ur~ huzardous to operate. The~e alp plo~ncterfhy
a second lmyer vhlch requlrm< crrnllrmatlon prior to
being operaied. The confirmation can h? nne wa:,,, SII!II

a~ on OPEN only, or both wnys, such ns fol f’Kt’EN allrl
for CLOSE. The operaror can also cnmmt}ni.nte with IhF

subsystem level by settln~ Ioglcal mod- m~l)tmxmq -u.tl
as “SET TUT, OPRhODE RUN” which means “Se! III* nl,~l,qlr,,
choice fnr [he Trl!l\im Waste TI@a!mc!ll s~il~<v<t-m 10

RUN mode”. All nperator commanrf~ nr~ Inggoti nn a
hnrdcopy devlco and In a daily cfl.qk film. Thl dallv

disk fll~s ar~ seal chert w.vkly f,,! IIIIII*IIal happ~tllllu:

and quch ate repot t?d to management In a Week’ly

repor t .

Tile Htt 1 provlr?, n men,t Ill Ivell Ils(l’llnll

Interface nnrf a k?ylwald dllvrn ln!elfar~, Fl,,ll

displays ate stored III Ioral mzmolv nnd alp avallnhte

lnStalltly lhtouKh lh~ use of ft-nrllnn k-y<, 011101
dinplny~ arc avmliahl~ aft-r a 3 & ●@{mI,l rl~lnv fIII

downloarfln~ Into Iorni memory, TIIp I@ alp rtIIIOIII;~/
over 100 dl~plays rfcflned, Al<n mn t.xtc.n,:lvm m~IIr,

Iangunge allnws for t h? •rt~cllt lIIn n f )ll@(leflllr,!

sequence~ of rnmmantfu m(lch aq “STAftTETf”” whlrh mr,~llq

“alatl tlw Emergenry Trltlum Cleanup Suhcy*!*m”.

Another part of thin I=vol pInvldw. giapl,l, al
Information on systcm palam@t@rz, ThP nlrlllvc rnr, hn
acce~~ed ●nd the data pt~<rl)t-d In Inlnllat r, I

~rnphlcnl fotmn! . Suv?rl glaphlt< t-tmlllalq nln
avnllahle fol #raphlral rrutpltt, Tw!, Of tllm~~ hnvm III’

6-p-rr colnt plo!t~tq n~tarlwrl Int hJtd 1,11,y OtIIl,i,t,
Any lermlllnl can S?nrf Braplllcal dntn t II n la--l
prlnt~l for hlnrk nncl WI IIIC n,!tptit, Rem I tlmr

!t~ndlng In fntmatlon ran be ob’aln?,l hIIth III Rlnplll(n!
and !nhtilnt fotm. TII* S~all a!~ rmI lwI A. In-1 n- r,
necondq betwren urtint~s. Tho dafa h“ Vml.IIIIm,I I. nl.:,,
avnllalll~ frri hatrf{tjpy nlltpll! ,



~oncluslons

Th@re nre many nrfvnntnge~ IO a system Implemented
in Irvels such rrs tlw one nt TSTA. II 15 po.ssll]le 10

upgrade Indlvldllnl leve19 WiIllOIIt prnpngm!lng any

● irors Illtrrrdtlceri 10 other if=,.,el<. II fncl!ltnl~~

so f!wnte tPstIng, as ench I@vel ~nll hp easily Ie<IPci

wl!hour !h@ upper lev~l~, and with n mlnlml!m rrf corilIIR,
can he tested Independrn! of the low?r levels, The

pre~ence of lhe level% and of the E!helrr@t adds
flexlhllity IO the softwar~ and hnldunre d-~lgn. For

tanmpl.-, thp MMI rmIIII ht= ~lpvladrd tr, ~lan,t aI,, Itv

grnphlr’al wrrrk stiatlnns IIlat ,31P (< I1)IID, !PII r)!, Illr,

tZ!he In@t, The corr(rol snl IwaIP has 1)0011 III plare a!

TSTA fnl fnl)r yPms. Dtl[lng IIlnt t Imc III- {I,ml,,llr.r

harrlval~ tla. ullr!*l Rnll P n malol (Ipfil alir. Rllli f 11P

sof!warp s!aff has hpen redb)rr,l flom II IIc9= to c,rjfi,

Tllar sllrll AII !Ipflrarfe (OUII-I ntrlll WIII1 II,, rfl,,llll,t 1o11 r,f
opera[lnns nntl th~ fart that ntl- peI~rIII IInV mmllltall)~

nnd •nhancp~ the snflwal~ 1s an lrldiratlon rrf 1110

.f[ec!lven*ss of (he TSTA snf!wale rfeclgll.
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